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SYSTEMS AND METHODS FOR ILLUMINATION CONTROL AND DISTRIBUTION
DURING A VEHICLE BANK

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of United States Patent Application Serial
No. 14/273,045, filed May 08, 2014, and United States Provisional Patent Application
Serial No. 61/877,513, filed September 13, 2013, and entitled “Systems and Methods
for lllumination Control and Distribution During a Vehicle Bank,” which are herein
incorporated by reference.

STATEMENT REGARDING FEDERALLY SPONSORED
RESEARCH OR DEVELOPMENT

[0002] Not applicable.

BACKGROUND OF THE INVENTION

[0003] The present invention relates to systems and methods for illumination control
and distribution during a vehicle bank, such as when vehicle banks in order to take a
curve or to turn, and more specifically to illumination control and distribution systems
and methods that control and maintain a pattern of light generally horizontal during the
vehicle bank.

[0004] For example, Fig. 1 shows a motorcycle 40 traveling generally straight in a
lane on a road 42. As can be seen, motorcycle headlights have a primarily horizontally
shaped light beam pattern 44 that is shaped according to requirements to illuminate the
road 42 ahead without disruptively shining on oncoming traffic, and to provide sufficient
illumination for the drivers line of sight area 46. Unfortunately, the light beam pattern 44
suits illumination requirements when the motorcycle is traveling generaily straight
forward, but not when the motorcycle is banking.

[0005] When a vehicle such as the motorcycle 40 makes a turn, the motorcycle
typically goes through some degree of bank angle, i.e., the motorcycle banks as the
motorcycle is making a turn or traveling through a curve. Referring to Fig. 2,
unfortunately, the headlight used in most motorcycles is secured to the motorcycle
frame in a fixed position, which causes the horizontally shaped light beam pattern 44
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cast by the motorcycle headlight to correspondingly tilt and bank as the motorcycle is
banked on a curved road 48. The banking of the headlight along with the motorcycle 40
causes the amount of light distributed by the motorcycle headlight to shift in an inward
and downward direction, which is away from the actual direction of travel of the
motorcycle, and away from the focus of the motorcycle driver's eyes and line of sight
area 46. This is particularly concerning for motorcycle drivers during cornering at night.
With the amount of light distributed by the headlight light beam focused more in an
inwardly direction, the driver's illuminated field of view generally forward of the direction
of travel is reduced.

[0006] Attempts have been made to address the shortcomings of standard headlights
that work well when the motorcycle is traveling straight ahead, but not when the
motorcycle is banking. Systems have been suggested that include a velocity sensor
along with several gyroscopes to detect the roll rate and the yaw rate of the motorcycle.
Based on extensive calculations using the motion data from the gyrdscopes and the
velocity sensor, a mechanical system rotates or adjusts the rotational orientation about
the optical axis of the headlight in a direction opposite to the bank angle of the
motorcycle. Other systems mechanically move a mirror to adjust the direction of
illumination coming from a fixed light source. Each of these systems requires complex
computations, which require complex electronics, and they also require sophisticated
mechanical Systems to provide movement of the illumination from the light source. The
mechanical systems add complexity and cost to both the headlight and the overall
vehicle cost. .

[0007] Some steerable headlights have been developed that addréss problems
related to mechanically rotating headlights for automobiles. For instance, it is known to
provide a one or two dimensional array of LEDs where the LEDs generate separate
adjacent light fields and where different horizontal subsets of the LEDs may be
illuminated to generate light patterns at different locations in front of the automobile.
Although this type of arrangement may provide adjustable horizontal illumination for an
automobile, it inadequately addresses the effect when a vehicle, such as a motorcycle,
is banking. Merely providing additional illumination to the left or to the right fails to
illuminate the portion of the curved road ahead of a motorcycle driver. The horizontal
row of LEDs and associated horizontally shaped light beam pattern is still rotated off of
horizontal and would tilt and bank during the vehicle bank (see Figs. 1 and 2).
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[0008] What is needed are systems and methods that accurately calculate a bank
angle, and based upon the bank angle, alter a distribution of illumination to more
naturally illuminate more of the driver’s field of view.

BRIEF SUMMARY OF THE INVENTION

[0009] It has been recognized that an angle of a vehicle can be accurately calculated
using axis data, and based on the calculated angle, vehicle illumination optics can be
controlled to maintain a pattern of illumination from an illumination source to be
generally horizontal. For example, a bank angle of a vehicle can be accurately
calculated using roll axis data, and based on the calculated bank angle, the illumination
optics can be controlled, or the pitch rate data can be used to provide an improved
illumination pattern when the vehicle is pitching either up or down due to a hill in the
road, for example. In some embodiments, roll axis data and/or motion sensor offset can
be incorporated into the bank angle calculation. In some embodiments, when yaw axis
data equals zero, the calculated bank angle can be zeroed. The improved pattern of
distributed illumination from the illumination source illuminates a more natural field of
view for the vehicle driver during a bank. In some embodiments, the vehicle illumination
source can include a primary illumination group and a plurality of side illumination
groups.

[0010] In accordance with an embodiment of the invention, an apparatus is provided
for calculating a bank angle value of a banking vehicle. The apparatus comprises an
inertial measurement unit, the inertial measurement unit including a processor and at
least one motion sensor operatively coupled to the processor. The processor is
programmed to sample yaw rate data at a predetermined rate, the yaw rate data
provided by the at least one motion sensor; compare the yaw rate data to a predefined
minimum yaw rate and a predefined maximum yaw rate, and when the yaw rate data is
between the predefined minimum yaw rate and the predefined maximum yaw rate, set a
bank angle value to zero; and when the yaw rate data is not between the predefined
minimum yaw rate and the predefined maximum yaw rate, calculate the bank angle
value.

[0011] In accordance with an additional embodiment of the invention, an apparatus is
provided for controlling a horizontal distribution of illumination from a vehicle when the
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vehicle is banking, the vehicle including a headlamp to distribute the horizontal
distribution of illumination. The apparatus comprises an inertial measurement unit, the
inertial measurement unit including a processor and a motion sensor operatively
coupled to the processor, the motion sensor to be coupled to the banking vehicle. The
processor is programmed to sample yaw rate data at a predetermined rate, the yaw rate
data provided by the motion sensor coupled to the banking vehicle; receive a motion
sensor offset value; compare the yaw rate data to a predefined minimum yaw rate and a
predefined maximum yaw rate, and when the yaw rate data is between the predefined
minimum yaw rate and the predefined maximum yaw rate, determine if the motion
sensor offset value is between a predefined minimum offset and a predefined maximum
offset; when the yaw rate data is not between the predefined minimum yaw rate and the
predefined maximum yaw rate, or when the motion sensor offset value is not between
the predefined minimum offset and the predefined maximum offset, determine a roll
data sum, the roll data sum equal to a roll rate data value minus the motion sensor
offset value, and then calculate the bank angle value; and when the motion sensor
offset value is between the predefined minimum offset and the predefined maximum
offset, set the bank angle value to zero.

[0012] In accordance with a further embodiment of the invention, a vehicle headlamp
for providing a horizontal distribution of illumination for a vehicle when the vehicle is
banking is provided. The headlamp comprises a headlamp housing. An inertial
measurement unit is positioned within the housing, the inertial measurement unit
including a processor and at least one motion sensor operatively coupled to the
processor. A primary illumination group and a plurality of side illumination groups are
positioned with the headlamp housing, the primary illumination group and the plurality of
side illumination groups operatively coupled to a driver board, the driver board
operatively coupled to the processor. The processor is programmed to sample yaw rate
data provided by the at least one motion sensor; compare the yaw rate datato a
predefined minimum yaw rate and a predefined maximum yaw rate, and when the yaw
rate data is between the predefined minimum yaw rate and the predefined maximum
yaw rate, set a bank angle value to zero; and when the yaw rate data is not between the
predefined minimum yaw rate and the predefined maximum yaw rate, calculate a bank
angle value and cause at least one of the plurality of side illumination groups to
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illuminate to provide the horizontal distribution of illumination for the vehicle when the
vehicle is banking.

[0013] In accordance with yet a further embodiment, an apparatus for calculating a
angle value of a vehicle is provided. The apparatus includes an inertial measurement
unit, the inertial measurement unit including a processor and at least one motion sensor
operatively coupled to the processor. The processor is programmed to sample motion
data at a predetermined rate, the motion data provided by the at least one motion
sensor; compare the motion data to a predefined minimum motion rate and a predefined
maximum motion rate, and when the motion data is between the predefined minimum
motion rate and the predefined maximum motion rate, set a vehicle angle value to zero;
and when the motion data is not between the predefined minimum motion rate and the
predefined maximum motion rate, calculate the vehicle angle value.

[0014] To the accomplishment of the foregoing and related ends, the invention, then,
comprises the features hereinafter fully described. The following description and the
annexed drawings set forth in detail certain illustrative aspects of the invention.
However, these aspects are indicative of but a few of the various ways in which the
principles of the invention can be employed. Other aspects, advantages and novel
features of the invention will become apparent from the following detailed description of
the invention when considered in conjunction with the drawings.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0015] Fig. 1 is a rear view of a motorcycle in a lane of a straight road and showing an
illumination pattern generated by the motorcycle's headlight;

[0016] Fig. 2 is similar to Fig. 1, except that the motorcycle is banking through a left
hand curve in the road, and showing the illumination pattern generated by the
motorcycle’s headlight is titling and does not provide sufficient illumination through the
curve;

[0017] Fig. 3 is a front view of a motorcycle in a bank, and showing a bank angle;
[0018]  Fig. 4 is a front view of the motorcycle of Fig. 3, and showing X, Y, and Z axes;
[0019] Fig. 5 is a side view of the motorcycle of Fig. 3, and showing a vehicle
headlight illumination control and distribution system in accordance with the present
embodiments;



WO 2015/038348 PCT/US2014/053137

[0020] Fig. 6 is a schematic view of an inertial measurement unit usable with the
vehicle headlight illumination control and distribution system in accordance with the
present embodiments;

[0021]  Fig. 7 is a schematic view of process using an inertial measurement unit to
calculate a bank angle;

[0022] Fig. 8 is a flow chart of a method associated with calculating a bank angle in
accordance with the present embodiments;

[0023] Fig. 9 is a graph of exemplary yaw rate data usable with the method of Fig. 8;
[0024] Fig. 10 is a flow chart of an alternative method associated with calculating a
bank angle in accordance with the present embodiments;

[0025] Fig. 11 is a flow chart of a method associated with calculating a motion sensor
offset, the motion sensor offset usable by the methods of Figs. 8 and 10 in accordance
with the present embodiments;

[0026] Fig.12is a graph of exemplary roll rate average date usable with the method
of Fig. 11,

[0027] Fig. 13 is a flow chart of an alternative method associated with calculating a
motion sensor offset, the motion sensor offset usable by the methods of Figs. 8 and 10
in accordance with the present embo'diments;

[0028] Fig. 14 is similar to Fig. 2, except that the illumination pattern generated by the
motorcycle’s headlight is enhanced to provide improved illumination through the curve;
[0029] Fig. 15 is a front plan view of a headlight in accordance with the present
embodiments;

[0030] Fig. 16 is a perspective view of the headlight shown in Fig. 15;

[0031] Fig. 17 is a top plan view of the headlight shown in Fig. 15;

[0032] Fig. 18 is a side plan view of the headlight shown in Fig. 15;

[0033]  Figs. 19-22 are views showing the illumination projection from the headlight
shown in Fig. 15 at various bank angles;

[0034] Fig. 23 is a front plan view of an alternative embodiment of a headlight in
accordance with the present embodiments;

[0035] Fig. 24 is a perspective view of the headlight shown in Fig. 23;

[0036]  Fig. 25 is a top plan view of the headlight shown in Fig. 23;

[0037] Fig. 26 is a side plan view of the headlight shown in Fig. 23;



WO 2015/038348 PCT/US2014/053137

[0038]  Figs. 27-30 are views showing the illumination projection from the headlight
shown in Fig. 23 at various bank angles; and

[0039] Figs. 31-33 are front plan views of alternative embodiments for a headlight,
and showing various patterns of illuminated illumination sources to provide various
improved illumination projection patterns.

[0040]  While the invention is susceptible to various modifications and alternative
forms, specific embodiments thereof have been shown by way of example in the
drawings and are herein described in detail. It should be understood, however, that the
description herein of specific embodiments is not intended to limit the invention to the
particular forms disclosed, but on the contrary, the intention is to cover all modifications,
equivalents, and alternatives falling within the spirit and scope of the invention as
defined by the appended claims.

DETAILED DESCRIPTION OF THE INVENTION

[0041] The various aspects of the subject invention are now described with reference
to the annexed drawings, wherein like reference numerals correspond to similar
elements throughout the several views. It should be understood, however, that the
drawings and detailed description hereafter relating thereto are not intended to limit the
claimed subject matter to the particular form disclosed. Rather, the intention is to cover
all modifications, equivalents, and alternatives falling within the spirit and scope of the
claimed subject matter.

[0042] As used herein, the terms “component,” “system,” "device" and the like are
intended to refer to either hardware, a combination of hardware and software, software,
or software in execution. The word “exemplary” is used herein to mean serving as an
example, instance, or illustration. Any aspect or design described herein as “exemplary”
is not necessarily to be construed as preferred or advantageous over other aspects or
designs. '
[0043]  Furthermore, the disclosed subject matter may be implemented as a system,
method, apparatus, or article of manufacture using standard programming and/or
engineering techniques and/or programming to produce hardware, firmware, software,
or any combination thereof to control a source of illumination to implement aspects
detailed herein.
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[0044] Unless specified or limited otherwise, the terms “connected,” and “coupled”
and variations thereof are used broadly and encompass both direct and indirect
mountings, connections, supports, and couplings. Further, “connected” and “coupled”
are not restricted to physical or mechanical connections or couplings. As used herein,
unless expressly stated otherwise, “connected” means that one element/feature is
directly or indirectly connected to another element/feature, and.not necéssarily
electrically or mechanically. Likewise, unless expressly stated otherwise, “coupled”
means that one element/feature is directly or indirectly coupled to another
element/feature, and not necessarily electrically or mechanically.

[0045]  As used herein, the term "processor” may include one or more processors and
memories and/or one or more programmable hardware elements. As used herein, the
term "processor" is intended to include any of types of processors, CPUs,
microcontrollers, digital signal processors, or other devices capable of executing
software instructions.

[0046] Embodiments of the technology are described below by using diagrams to
illustrate either the structure or processing of embodiments used to implement the
embodiments of the present technology. Using the diagrams in this manner to present
embodiments of the technology should not be construed as limiting of its scope. The
present technology contemplates various illumination control and optics configurations
capable of providing controllable illumination patterns.

[0047] The various embodiments of the bank angle calculation and illumination
source configurations will be described in connection with a motorcycle headlight. That
is because the features and advantages of the technology are well suited for this
purpose. Still, it should be appreciated that the various aspects of the technology can be
applied in other forms of optics and vehicles, and is not limited to motorcycles, as it will
be understood that a wide variety of vehicles using a headlight or headlights including
automobiles may benefit from bank angle calculations and illumination optics having the
features described herein.

[0048]  Referring now to the drawings wherein like reference numerals correspond to
similar elements throughout the several views and, more specifically, referring to Figs. 3
and 4, at least some embodiments of the present invention include systems and
methods for calculation of a bank angle 50 for a vehicle 52. In an exemplary
embodiment, the vehicle 52 is shown to be a motorcycle 52, including a headlight 54. It
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is to be appreciated that a wide variety of other vehicles would also benefit from the
present technology, including boats, wave riders, peddle bikes, airplanes, roller
coasters, automobiles, and the like, that may bank as the vehicle turns or may be on a
banked road. In the embodiments described herein, the bank angle 50 can be used to
generate, among other things, an improved illumination pattern during a vehicle bank, to
be described in greater detail below.

[0049] Referring to Fig. 5, an exemplary motorcycle 52 can include an inertial
measurement unit (IMU) 56. The IMU 56 can provide data including velocity, mass, and
angular information, for example, of the motorcycle 52 by way of one or more of the
motorcycle’s pitch rate data 60 (rotation around the X-axis), yaw rate data 62 (rotation
around the Y-axis), roll rate data 64 (rotation around the Z-axis) and acceleration data
66 in at least the X, Y, and Z axes (see Fig. 4). From combinations of these
measurements, the bank angle 50 can be calculated. In some embodiments, the
calculated bank angle 50 can then be provided to vehicle electronics 70. In some
embodiments, the IMU 56 is included with the vehicle electronics 70. The IMU 56 and or
the vehicle electronics 70 can utilize the calculated bank angle 50 to control illumination
72 from the vehicle headlight 54. In some embodiments, a switch 74 can also be
operationally coupled to the vehicle electronics 70 to switch the headlight 34 between a
high beam mode and a low beam mode, for example, or to control other illumination
features of the vehicle headlight 54. As is known, the low beam mode provides
illumination that is aimed slightly down to avoid blinding oncoming drivers, and the high
beam mode provides illumination typically at a higher wattage and that is aimed more
further ahead to give the driver a longer illuminated view. The features described herein
are contemplated for both low beam mode and high beam mode.

[0050] Referring to Fig. 6, the IMU 56 and/or the vehicle electronics 70 can comprise
individual components or can be a single integrated chip, for example. In some
embodiments, the IMU 56 can include combinations of a processor 80, and a motion
sensor or sensors including a gyroscope 82, an accelerometer 84, a magnetic sensor
86, a communication device, e.g., a communications port 88, and a wireless
communication device 90, depending on the application. The processor 80 can include
internal memory and/or memory 92 can be included. It is to be appreciated that the IMU
56 can include a variety of configurations. Single axis and/or multi-axis motion sensors
including but not limited to gyroscopes, accelerometers, and magnetic sensors can be
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used. Other embodiments can include built-in filtering algorithms and can also include
data logging. The communication device, i.e., the communication port 88 and the
wireless communications 90 are not required, but may be included to provide the user
data access and/or illumination customization features, as non-limiting examples. A
communication port 88 can comprise a USB port or RS-232 port or other known serial
or parallel communication port configurations. The IMU 56 can also include plug and
play capabilities, i.e., plug and play operable with a vehicle control system.

[0051] In some embodiments, the IMU 56 can include a processor 80 and a motion
sensor 82 that senses at least two axis, such as a two-axis MEMS gyroscope 82. The
motion sensor 82 can provide the measurement data usable to produce the calculated
bank angle 50, which can be calculated from the yaw rate data 62 and the roll rate data
64 (see Fig. 7).

[0052] The processor 80 can use the simplified equation below to produce the
calculated bank angle 50:

[0053] If yaw rate data 62 = zero, then calculated bank angle (new) 50 = zero, else
calculated bank angle (new) 50 = calculated bank angle (old) 50 + roll rate data 64 * K,
where K = a scale factor calculated by a sample rate = t, a bank angle calculation
period, and resolution of the motion sensor 82.

[0054] In one embodiment, the sample rate t can equal about ten milliseconds,
although it is to be appreciated that the sample rate t can be more or less, such as five
milliseconds, or twenty milliseconds, or one hundred milliseconds, or one second,
depending on the application. In the above equation, the calculation of the bank angle
50 allows for the motion sensor 82 to be zeroed out when the vehicle returns to a
horizontal orientation. This simplified approach allows for the calculation of the bank
angle without the need for additional motion data measurements, and without requiring
significant processing power.

[0055] Referring to Figs. 8 and 9, an exemplary method 100 is shown for calculating
the bank angle 50. At process block 102, yaw rate data 62 in degrees per time period
can be sampled at a predetermined rate. The predetermined rate can be based off a
timer that triggers a read of the motion data, for example. It is to be appreciated that the
yaw rate data 62 can be sampled or acquired by many different known methods, and at

various sampling rates.
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[0056] At process block 116, a motion sensor offset 118 can be determined, if
available, from a product data sheet, for example. The motion sensor offset 118 can be
a predetermined value generated from a factory calibration, for example, or can be a
continuously generated value. An actual offset will vary from part to part and over time
and temperature. The motion sensor offset 118 can then be provided to the processor
80.

[0057] At decision block 104, the yaw rate data 62 can be compared to a predefined
minimum yaw rate 106 and a predefined maximum yaw rate 108. The minimum yaw
rate 106 and the maximum yaw rate 108 are two of several parameters that can be
used to tune the method 100 for any one of a specific motion sensor, vehicle, or sample
rate used individually or in any combination. If the yaw rate data 62 is between the
minimum yaw rate 106 and the maximum yaw rate 108, the yaw rate data 62 is within
an acceptable range 112 where the yaw rate data 62 is determined by the method 100
to indicate that there is no yaw, and accordingly, the vehicle is not turning and therefore
the bank angle 50 equals zero or can be set to zero, at process block 114.

[0058] When the yaw rate data 62 is not between the minimum yaw rate 106 and the
maximum yaw rate 108, then the yaw rate data 62 indicates that the vehicle is turning.
At process block 120, a roll data sum 122 can be determined. The roll data sum 122
equals the roll rate data 64 minus the motion sensor offset 118 plus a previous roll data
sum 126, if previously determined. At process block 130, the bank angle 50 can then be
calculated by multiplying the roll data sum 126 by a scale factor K 132 to produce the
bank angle 50 in degrees. For example, when roll data sum 126 equals one hundred
degrees per millisecond, and roll rate data 64 equals twenty-two degrees per
millisecond, and motion sensor offset 118 equals two degrees per millisecond, roll data
sum 126 can be calculated to be one hundred and twenty degrees per millisecond.
Multiplying roll data sum by the scale factor K 132 divides out the sample rate to end up
with a bank angle in degrees. In this example, roll data sum 126 equals one hundred
and twenty degrees per millisecond, and can be multiplied by 1/20 millisecond to arrive
at a bank angle 50 of six degrees. The method 100 can be repeated at the sampling
rate t.

[0059] Referring to Fig. 10, an alternative method 140 for calculating the bank angle
50 is shown. The method 140 is similar to the method 100 of Fig. 8, except in method
140, an initialization process can be included to allow a motion sensor offset

-11-
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determination sufficient time to establish. At decision block 104, if the yaw rate data 62
is between the minimum yaw rate 106 and the maximum yaw rate 108, the yaw rate
data 62 is within an acceptable range 112 where the system interprets the yaw rate data
62 to indicate that there is no yaw. Next, at decision block 110, the motion sensor offset
118 can be compared to a predefined minimum offset 142 and a predefined maximum
offset 144. The minimum offset 142 and the maximum offset 144 are two more of the
several parameters that can be used to tune the method 140 for a specific motion
sensor, vehicle, and/or sample rate used.

[0060] When the motion sensor offset 118 is not between the minimum offset 142 and
the maximum offset 144, the roll data sum 126 can be filtered to smooth the return of
the motion sensor offset value to zero. This serves to avoid the immediate calculation of
a zero degree bank angle 50 when erroneous data is received that would indicate no
yaw, yet the vehicle 52 is in a turn. At process block 150, the roll data sum 126 can be
calculated by dividing the roll data sum 126 by a soft zero rate factor 152. The soft zero
rate factor 152 is another of the several parameters that can be used to tune the
method 140 for a specific motion sensor, vehicle, and/or sample rate used. Next, at
process block 130, the bank angle 50 can then be calculated by multiplying the roll data
sum 126 by the scale factor 132 to produce the bank angle 50 in degrees.

[0061] When the motion sensor offset 118 is between the minimum offset 142 and the
maximum offset 144, the motion sensor offset 118 has not yet been sufficiently
calculated, so the roll data sum 126 is simply set to zero to compensate for the extra roll
data sum error. The method 140 can be repeated at the sampling rate t.

[0062] Referring to Fig. 11, a method 160 associated with calculating a motion sensor
offset 118 is shown. The motion sensor offset 118 can be used with the method 100 of
Fig. 8 and the method 140 of Fig. 10. As is known, motion sensors, such as a MEMS
gyroscope, include an amount of inherent error, which can be referred to as offset. The
method 160 shown in Fig. 11 is used to calculate the motion sensor offset 118 over time
so the bank angle calculation can account for the inherent error produced by the motion -
sensor 82.

[0063] Referring to Figs. 11 and 12, at process block 162, roll rate data 64 can be
sampled at a predetermined rate. The predetermined rate can be based off a timer that
triggers a read of the motion data, for example. It is to be appreciated that the roll rate
data 64 can be sampled or acquired by many different known methods, and can be
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averaged over two or more samples. At decision block 172, a roll rate sum value 170
can be compared to a predefined minimum drift 174 and a predefined maximum drift
176. The minimum drift 174 and the maximum drift 176 are two of the several
parameters that can be used to tune the method 160 for a specific motion sensor,
vehicle, and/or sample rate used.

[0064] When the roll rate sum 170 is between the minimum drift 174 and the
maximum drift 176, each incrementally sampled roll rate data 64, or every other, or
some variation thereof, can be summed with the previous roll rate sum 170, at process
block 164. Next at process block 168, the counter value 166 can be incremented.
Method 160 can then proceed to either method 100 or method 140.

[0065] If the roll rate sum 170 is not between the minimum drift 174 and the maximum
drift 176, the roll rate sum 170 is divided by the counter value 166 to produce a roll rate
average 171, at process block 178. The motion sensor offset 118 can then be
calculated, at process block 180, by adding the new roll rate average 171to a
predetermined value for an offset and then dividing the sum by two. The new roll rate
average 171 can be averaged with the prior roll rate average 171 to limit the amount of
change within each sampling cycle. If desired, the number of samples used to average
the motion sensor offset 118 can be changed, which would increase or decrease the
speed of the motion sensor offset update. It is to be appreciated that this is but one
filtering technique, and there are other filtering techniques that could be used.
Continuing at process block 182, the counter value 166 can then be zeroed and the roll
rate sum 170 can then be zeroed at process block 184. Method 160 can then proceed
to either method 100 or method 140.

[0066] Referring to Fig. 13, an alternative embodiment of a method 360 associated
with calculating a motion sensor offset 118 is shown. As with the method 160 of Fig. 11,
the motion sensor offset 118 can be used with the method 100 of Fig. 8 and the method
140 of Fig. 10. The method 360 can be used to calculate the motion sensor offset 118
over time so a motion related calculation can account for the inherent error produced by
the motion sensor 82.

[0067] At process block 362, motion data 64 can be sampled at a predetermined rate.
The predetermined rate can be based off a timer that triggers a read of the motion data,
ﬁwexmnpb,mﬁheanondwa64canbesampbdoramuMedbynmnydﬁemnﬂ«mwn
methods, and can be averaged over two or more samples.
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[0068] At decision block 372, it can be determined if a motion data sum 370 is outside
of a predetermined range (e.g., is x > x(max) or is x < x(min)) and if counter value 166 is
greater than a minimum average counter value 374. The x(max) and the x(min) are two
of the several parameters that can be used to tune the method 360 for a specific motion
sensor, vehicle, and/or sample rate used. Motion data sum 370 can comprise data from
any axis, and the method 360 can be used for any axis.

[0069] When the motion data sum 370 is not outside of the predetermined range and
the counter value 166 is not greater than a minimum average counter value 374, at
decision block 3786, it can be determined if the motion data 64 is outside of a
predetermined range. Decision block 376 is an optional step and can be included to
help limit the motion data sum 370 and improve the speed of the motion sensor offset
calculation. When decision block 376 is included, if the motion data 64 is outside of the
predetermined range, then the motion data 64 can be determined to be actual motion
data, and method 360 can proceed to either method 100 or method 140. If the motion
data 64 is not outside of the predetermined range, then method 360 can proceed to
process block 364. When optional decision block 376 is not included in method 360,
and the motion data sum 370 is not outside of the predetermined range and the counter
value 166 is not greater than a minimum average counter value 374, method 360 can
proceed to process block 364.

[0070] At process block 364, the latest motion data 64 can be added the motion data
sum 370. Optionally, the motion sensor offset 118 can be subtracted from the motion
data 64. Tracking the difference in offset helps limit how often the motion sensor offset
118 is updated when there is a small difference between a calculated offset and the
actual offset of the sensor. Next at process block 368, the counter value 166 can be
incremented. Method 360 can then proceed to either method 100 or method 140.
[0071] When the motion data sum 370 is outside of the predetermined range and the
counter value 166 is greater than a minimum average counter value 374, the motion
data sum 370 can be divided by the counter value 166, and optionally the motion sensor
offset 118 can be added, to produce a new motion data average 371, at process block
378. The motion sensor offset 118 can then be calculated, at process block 380, by
adding the new motion data average 371to a predetermined value for an offset and
then dividing the sum by two. The new motion data average 371 can be averaged with
the prior motion data average 371 to limit the amount of change within each sampling
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cycle. If desired, the number of samples used to average the motion sensor offset 118
can be changed, which would increase or decrease the speed of the motion sensor
offset update. It is to be appreciated that this is but one filtering technique, and there are
other filtering techniques that could be used. Continuing at process block 382, the
counter value 166 can then be zeroed and the motion data sum 370 can then be zeroed
at process block 384. Method 360 can then proceed to either method 100 or method
140.

[0072] In some embodiments, the roll rate average 171 can be stored in memory 92.
In some embodiments the memory is non-volatile memory 92, and maintaining the roll
rate average 171 in non-volatile memory 92 can be beneficial to provide the method 160
with a larger amount of samples over time to better account for the inherent error
produced by the motion sensor 82. If the roll rate average 171 is not saved in non-
volatile memory 92, each time the vehicle is powered down, and then powered back up,
the roll rate average 171 calculation can go through several data samples before the roll
rate average 171 and associated counter value 166 produced a useful roll rate average.
[0073]  After methods 100 or 140 calculate a bank angle 50, an illumination source,
e.g., a headlight according to the present technology, can be controlled to provide an
improved illumination pattern during a vehicle bank. Referring to Fig. 14, the motorcycle
40 on the curved road 48 can provide an improved illumination pattern 188 where
additional illumination is provided to generally maintain a horizontal illumination pattern
in the driver’s line of sight area 46.

[0074] Referring now to Figs. 15-18, an embodiment of a headlight 190 controllable to
provide an improved illumination pattern during a vehicle bank is shown in several
orientations. In this embodiment, the headlight 190 can be sized and shaped to allow
the headlight to fit within the volume of a predetermined sealed beam lamp. For
example, motorcycles are known to use standard PARS56 sealed beam headlights,
although custom sizes and shapes are contemplated. The headlight 190 can include a
primary illumination group 192 and a plurality of side illumination groups 194. In some
embodiments, lenses and/or reflectors can be used to enhance or reflect illumination.
lllumination groups 192 and 194 can include a single illumination source, or a plurality of
illumination sources. An illumination source can include any known or future developed
lllumination source, including tungsten halogen, HID, LED, emissive surface, and laser
as non-limiting examples. In the embodiment shown, three side illumination groups 200,
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202, 204 are shown on a left side 206 (looking at the headlight 190), and three side
illumination groups 210, 212, 214 are shown on a right side 216 of the headlight 190,
although, more or less are contemplated.
[0075] Itis to be appreciated that more than one headlamp can be used to achieve
the features described herein. For example, the side illumination groups 200, 202, 204
as described as being on the left side can be in one headlamp, side illumination groups
210, 212, 214 as described as being on the right side can be in another headlamp, and
the primary illumination group 192 can be in yet another headlamp. As best seen in Fig.
17, the headlight 190 can include a driver board 220 that includes the illumination
sources 222 and illumination source drivers 224. The illumination source drivers 224
can be analog or digital, and can be included for low beam illumination, high beam
illumination, and banking illumination.
[0076] In one embodiment, side illumination groups 200 and 210 can be spaced or
rotated off of horizontal 228 by five degrees, side illumination groups 202 and 212 can
be rotated off of horizontal 228 by ten degrees, and side illumination groups 204 and
214 can be rotated off of horizontal 228 by fifteen degrees. The rotation off of horizontal
for a motorcycle that has a greater bank angle can extend higher, e.g., twenty degrees,
or thirty degrees, or forty-five degrees, as non-limiting examples. It is to be appreciated
that rotation off of horizontal can range anywhere between zero and ninety degrees,
and the rotation can be both above horizontal and below horizontal 228. Further,
rotation off of horizontal 228 can be linear, e.g., five, ten, fifteen degrees, or rotation off
of horizontal 228 can be exponential, e.g., two, four, eight, sixteen, thirty-two degrees,
or a combination of both linear and exponential.
[0077)  Referring to Figs. 19-22, improved illumination projections from the headlight
190 are shown. The headlight is generally level, or horizontal, in Fig. 19, and the
associated illumination projection 230 is also generally level. Only the primary
illumination group 192 is energized to produce the illumination projection 230. In Fig. 20,
the headlight 190 is simulating a five degree left bank (of a motorcycle, for example).
The primary illumination group 192 is energized, along with side illumination group 210
on the right side 216. As can be seen in the illumination projection 234, illumination from
the primary illumination group 192 is angled at generally five degrees, and illumination
projection 236 from the side illumination group 210 remains generally horizontal, and
provides illumination for the space above and to the left of center of the angled
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illumination projection 234 from the primary illumination group 192. The added
illumination projection 236 from the side illumination group 210 provides the improved
illumination pattern to generally maintain a horizontal illumination pattern in the driver's
line of sight area

[0078] The results are similar for Figs. 21 and 22. In Fig. 21, the headlight 190 is
simulating a ten degree left bank. The primary illumination group 192 is energized,
along with side illumination group 212 on the right side 216. As can be seen in the
illumination projection 240, illumination from the primary illumination group 192 is
angled at generally ten degrees, and illumination projection 242 from the side
illumination group 212 remains generally horizontal, and provides illumination for the
space above and to the left of center of the angled illumination projection 240 from the
primary illumination group 192.

[0079] In Fig. 22, the headlight 190 is simulating a fifteen degree left bank. The
primary illumination group 192 is energized, along with side illumination group 214 on
the right side 216. As can be seen in the illumination projection 246, illumination from
the primary illumination group 192 is angled at generally fifteen degrees, and
illumination projection 248 from the side illumination group 214 remains generally
horizontal, and provides illumination for the space above and to the left of center of the
angled illumination projection 246 from the primary illumination group 192.

[0080] In Figs. 20-22, only one side illumination group on one side of the headlight
190 is shown energized. It is to be appreciated that one or more of the side illumination
groups can be illuminated at any particular bank angle, and that one or more
illumination groups can be illuminated on either or both the right side and the left side
for a left bank and a right bank to fill in more or less of an illumination projection.

[0081] Referring now to Figs. 23-26, an embodiment of a headlight 250 controllable to
provide an improved illumination pattern during a vehicle bank is shown in several
orientations. Any of the features described above with reference to Figs. 15-22 are
contemplated with this embodiment. In this embodiment, the headlight 250 can be sized
and shaped to fit within or on the fairing of a motorcycle, for example. The headlight 250
can include a primary illumination group 252 and a plurality of side illumination groups
254. The illumination groups 252 and 254 can reflect illumination from a single
illumination source or a plurality of illumination sources. In some embodiments, lenses
can also be used to enhance or reflect illumination. In the embodiment shown, three
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side illumination groups 260, 262, 264 are shown on a left side 266 (looking at the
headlight), and three side illumination groups 270, 272, 274 are shown on a right side
276 of the headlight 250, although, more or less are contemplated. As best seen in Fig.
25, the headlight 250 can include a driver board 220 that includes the illumination
sources 222 and illumination source drivers 224. The illumination source drivers 224
can be analog or digital, and can be included for low beam illumination, high beam
illumination, and banking illumination.

[0082] In some embodiments, side illumination groups 260 and 270 can move the
illumination cutoff into the turn at five degrees, side illumination groups 262 and 272 can
move the illumination cutoff into the turn at ten degrees, and side illumination groups
264 and 274 can move the illumination cutoff into the turn at fifteen degrees.

[0083] Referring to Figs. 27-30, improved illumination projections from the headlight
" 250 are shown. Similar to Figs. 19-22, in Fig. 27, the headlight 250 is level, and the
associated illumination projection 280 is also generally level. Only the primary
illumination group 252 reflects illumination from an illumination source to produce the
illumination projection 280. In Fig. 28, the headlight 250 is simulating a five degree left
bank (of a motorcycle, for example). The primary illumination group 252 is energized,
along with side illumination group 270 on the right side 276. As can be seen in the
illumination projection 282, illumination from the primary illumination group 252 is
angled at generally five degrees, and illumination projection 284 from the side
illumination group 270 remains generally horizontal, and provides illumination for the
space above and to the left of center of the angled illumination projection 282 from the
primary illumination group 252. The added illumination projection 284 from the side
illumination group 270 provides the improved illumination pattern to generally maintain a
horizontal illumination pattern in the driver’s line of sight area.

[0084] The results are similar for Figs. 29 and 30. In Fig. 29, the headlight 250 is
simulating a ten degree left bank. The primary illumination group 252 is energized,
along with side illumination group 272 on the right side 276. As can be seen in the
illumination projection 290, illumination from the primary illumination group 252 is
angled at generally ten degrees, and illumination projection 292 from the side
illumination group 272 remains generally horizontal, and provides illumination for the
space above and to the left of center of the angled illumination projection 290 from the
primary illumination group 252.
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[0085] In Fig. 30, the headlight 250 is simulating a fifteen degree left bank. The
primary illumination group 252 is energized, along with side illumination group 274 on
the right side 276. As can be seen in the illumination projection 294, ilumination from
the primary illumination group 252 is angled at generally fifteen degrees, and
illumination projection 296 from the side illumination group 274 remains generally
horizontal, and provides illumination for the space above and to the left of center of the
angled illumination projection 294 from the primary illumination group 252.

[0086]  Similar to Figs. 20-22, in Figs. 28-30, only one side illumination group on one
side of the headlight 250 is shown as reflecting illumination from an illumination source.
It is to be appreciated that one or more of the side illumination groups can reflect
illumination at any particular bank angle, and that one or more illumination groups can
be illuminated on either or both the right side and the left side for a left bank and a right
bank to fill in more or less of an illumination projection. The examples provided of fifteen
degrees are exemplary only. Other vehicles, such as a sports bike that can take turns at
high degrees of bank may extend illumination forty-five degrees or more or less.

[0087] In some embodiments, in addition to calculating the bank angle 50 in order to
provide an improved illumination pattern during a vehicle bank as described above, the
pitch rate data 60 from the IMU 56 can be used to provide an improved illumination
pattern when the vehicle is pitching either up or down due to a hill in the road, for
example. As can be seen in Fig. 25, a headlight can include one or more rows of
illumination sources 222. Each row can be controlled, alone or in combination with
lenses or reflectors to provide an improved illumination pattern generally in front of the
vehicle to maintain illumination on the road while the vehicle is pitching. Further, the
improved illumination pattern during a vehicle bank can be combined with the improved
illumination pattern while the vehicle is pitching.

[0088] One important aspect of at least some embodiments of the present invention is
that the vehicle electronics 70 can allow the illumination source to be modulated using
pulse width modulation (PWM) or other known modulation technigues to a
predetermined or calculated level so that the illumination source can be smoothly turned
on and off to avoid the driver's perception of individual illumination sources being turned
on or off at full capacity. For example, when a bank angle is calculated to be at four
degrees, the five degree element, e.g., side illumination groups 200 and 210, or side
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illumination groups 260 and 270, can be controlled to illuminate at eighty percent of its
full intensity.

[0089] In one embodiment, side illumination groups 200 and 210, or side illumination
groups 260 and 270, can be controlled to illuminate in a range anywhere between zero
and one hundred percent of full intensity per degree of bank. Further, control of the
illumination can be linear, e.g., twenty, forty, sixty, etc., percent of illumination per
degree of bank, or control of the illumination can be exponential, e.g., ten, twenty, forty,
eighty percent of illumination, or a combination of both linear and exponential.

[0090] As previously identified, single, dual, multi element illumination sources, and
emissive projection technologies are considered within the scope of the invention. For
example, one embodiment could include an array of LEDs or an emissive projector that
can be controlled to illuminate a pattern of illumination sources, as shown in Figs. 31-
33, as non-limiting examples, to provide various improved illumination projection
patterns 302, 304, 306 respectively. For example, illumination projection pattern 302
shows several illuminated LEDs 310 illuminated in a horizontal line, along with several
more illuminated LEDs 310 in an upper right quadrant 312. In addition, the shape of an
LED array or emissive projector, for example, can be optimized to provide desired
illumination patters for specific vehicles and specific operating conditions. The structure
of the illumination source can be flat, convex, concave, or combinations, to provide
optimized illumination patters.

[0091] In some embodiments, the processor 80 can be configured to control other
vehicle operations when a bank angle is calculated, and/or when a bank angle of zero is
determined. For example, it can be advantageous to turn on a blinker or a side light 350
(see Figs. 3 and 5) to further provide additional focused illumination for particular
vehicle maneuvers, such as when a vehicle is parking, or when a vehicle is making a
sharp turn at a street corner. Similarly, a blinker or a side light, for example, can be
automatically turned off based on a caiculated bank angle, and/or when a bank angle of
zero is determined. It is to be appreciated that the processor 80 can be configured to
control non-illumination related vehicle operations as well. For example, when a bank
angle is calculated, vehicle shocks or vehicle steering functions can be adjusted
according to the calculated bank angle.

[0092]  In other embodiments, processor 80 can be configured to control one or a
plurality of illumination patterns. Examples of illumination patterns can include a vehicle
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start-up pattern, a vehicle shutdown pattern, a vehicle parked pattern, a pattern when a
vehicle horn is honked, a vehicle operator initiated pattern, and different patterns for a
left headlight and a right headlight, etc. The illumination patterns can be stored in
memory 186. The illumination pattern can be primarily meant for entertainment, and not
for specific illumination for vehicle operation. The illumination pattern can be initiated
when the vehicle is powered up and/or turned off. It is to be appreciated that the
illumination pattern can be initiated at other times as well, such as when the vehicle is
not moving, or daylight when the headlight illumination is not required. For example, the
ilumination sources could be controlled to ramp up and down in illumination intensity for
several seconds and/or through several cycles, and/or the illumination sources could be
controlled to illuminate in a circular fashion so it appears that the illumination is chasing
its own tail. The configuration of illumination patterns are only limited by the particular
configuration of the illumination sources. The illumination pattern can be
preprogrammed when the headlight is manufactured, or, the illumination pattern can be
user programmable.

[0093] In yet other embodiments, a user can control and/or configure and/or
customize headlight options, including illumination patterns and other illumination
functions. For example, an application, i.e., and “App” can be provided to a user. The
App can be cell phone/smart device based or HTML web based, or both, as non-limiting
examples. In addition, a key fob or other remote device can include control and/or
configuration capabilities. These control and/or configuration options can provide
remote control / configuration and/or wireless control and/or configuration of headlight
options using a wireless communication option 90, or with connectivity through the USB
port 88, or both.

[0094]  In some embodiments, headlight options can be licensed or provided as a pay-
as-you-go feature. For example, a user may only want to enable the custom illumination
pattern function when the vehicle is going to be in a parade, or a show of some sort.
Again, using an App or a web site provided to a user, and with connectivity through the
USB port 88, or a wireless communication option 90, as a non-limiting examples, the
user with a cell phone or other smart device can control and/or configure and/or create
custom illumination patters, e.g., whatever function was licensed or pre-paid for.
Further, the functions paid for can be disabled after a predetermined amount of time,
i.e., the amount of time paid for. Other headlight options that can be made available via
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a license or as a pay-as-you-go feature include the improved illumination pattern during
a vehicle bank, the ability to control a booster for a high or low beam, or any other
controllable headlight function, as non-limiting examples.

[0095] ltis to be appreciated that the embodiments described herein may include
other elements such as covers, lenses, reflectors, baffles, motors, solenoids, and
surface arrangements, all for the purpose of controlling and/or adjusting the illumination
projection from a headlight arrangement. It is also to be appreciated that the
embodiments described herein contemplate use in a low beam mode and a high beam
mode.

[0096] Although the present technology has been described with reference to
preferred embodiments, workers skilled in the art will recognize that changes may be
made in form and detail without departing from the spirit and scope of the technology.
For example, the present technology is not limited to headlight illumination for a
motorcycle and may be practiced with other vehicles that require control of illumination.
in addition, alone, or in combination with the embodiments described herein, additional
embodiments can include one or more illumination sources that are controlled to stay
horizontal during a bank, so as to continually produce a horizontal illumination pattern,
even during a bank.

[0097] The particular embodiments disclosed above are illustrative only, as the
invention may be modified and practiced in different but equivalent manners apparent to
those skilled in the art having the benefit of the teachings herein. Furthermore, no
limitations are intended to the details of construction or design herein shown, other than
as described in the claims below. lt is therefore evident that the particular embodiments
disclosed above may be altered or modified and all such variations are considered
within the scope and spirit of the invention. Accordingly, the protection sought herein is
as set forth in the claims below.
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CLAIMS
What is claimed is:

1. An apparatus for calculating a bank angle value of a banking vehicle, the
apparatus comprising:

an inertial measurement unit, the inertial measurement unit including a processor
and at least one motion sensor operatively coupled to the processor;

the processor programmed to:

sample yaw rate data at a predetermined rate, the yaw rate data provided by the
at least one motion sensor;

compare the yaw rate data to a predefined minimum yaw rate and a predefined
maximum yaw rate, and when the yaw rate data is between the predefined minimum
yaw rate and the predefined maximum yaw rate, set a bank angle value to zero; and

when the yaw rate data is not between the predefined minimum yaw rate and the

predefined maximum yaw rate, calculate the bank angle value.

2. The apparatus of claim 1, wherein the processor is further programmed to

receive a motion sensor offset value.

3. The apparatus of claim 2, further including, when the yaw rate data is not
between the predefined minimum yaw rate and the predefined maximum yaw rate,
determine a roll data sum, the roll data sum equal to a roll rate data value minus the

motion sensor offset value.

4. The apparatus of claim 1, wherein the bank angle value is calculated
using the equation:

bank anglenew = bank angleqq + roll rate data * K,

where K equals a scale factor calculated by a sample rate t, a bank angle

calculation period, and resolution of the at least one motion sensor.
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5. The apparatus of claim 4, wherein the processor is further programmed to

repeat the sample, receive, and compare program at the sample rate t.

0. The apparatus of claim 1, wherein the inertial measurement unit further

includes a communication device operatively coupled to the processor.

7. The apparatus of claim 6, wherein the communication device is a

communication port operatively coupled to the processor.

8. The apparatus of claim 6, wherein the communication device is a wireless

communication device operatively coupled to the processor.

9. The apparatus of claim 8, wherein the wireless communication device is

operable to program the inertial measurement unit.

10.  The apparatus of claim 1, wherein the inertial measurement unit is plug

and play operable with a vehicie control system.
11.  The apparatus of claim 1, wherein the predefined minimum yaw rate and

the predefined maximum yaw rate are adjustable to tune the apparatus for at least one

of the at least one motion sensor, the vehicle, or a yaw rate data sample rate.
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12.  The apparatus of claim 1, wherein the processor is programmed to
determine a motion sensor offset, the processor programmed to:

sample roll rate data at a predetermined rate, the roll rate data provided by the
motion sensor coupled to the banking vehicle;

compare a roll rate sum value to a predefined minimum drift and a predefined
maximum drift, and when the roll rate sum value is between the predefined minimum
drift and the predefined maximum drift, divide the roll rate sum by a counter value to
produce a new roll rate average, and adding the new roll rate average to a
predetermined value for an offset and then dividing the sum by two; and

when the roll rate sum value is not between the predefined minimum drift and the
predefined maximum drift, determine a roll rate sum by adding the new roll rate data,

and then increment the counter value.

13.  The apparatus of claim 1, wherein the apparatus controls a horizontal

distribution of illumination from a vehicle headlamp when the vehicle is banking.
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14, An apparatus for controlling a horizontal distribution of illumination from a
vehicle when the vehicle is banking, the vehicle including a headlamp to distribute the
horizontal distribution of illumination, the apparatus comprising:

an inertial measurement unit, the inertial measurement unit including a processor
and a motion sensor operatively coupled to the processor, the motion sensor to be
coupled to the banking vehicle;

the processor programmed to:

sample yaw rate data at a predetermined rate, the yaw rate data provided by the
motion sensor coupled to the banking vehicle;

receive a motion sensor offset value;

compare the yaw rate data to a predefined minimum yaw rate and a predefined
maximum yaw rate, and when the yaw rate data is between the predefined minimum
yaw rate and the predefined maximum yaw rate, determine if the motion sensor offset
value is between a predefined minimum offset and a predefined maximum offset;

when the yaw rate data is not between the predefined minimum yaw rate and the
predefined maximum yaw rate, or when the motion sensor offset value is not between
the predefined minimum offset and the predefined maximum offset, determine a roll
data sum, the roll data sum equal to a roll rate data value minus the motion sensor
offset value, and then calculate the bank angle value; and

when the motion sensor offset value is between the predefined minimum offset

and the predefined maximum offset, set the bank angle value to zero.
15.  The apparatus of claim 14, further including, when the yaw rate data is not
between the predefined minimum yaw rate and the predefined maximum yaw rate,

calculate the bank angle value.

16.  The apparatus of claim 14, wherein the motion sensor includes at least

one of a gyroscope, an accelerometer, and a magnetic sensor.

17.  The apparatus of claim 14, wherein the motion sensor senses motion in at

least two axis.
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18.  The apparatus of claim 14, wherein the apparatus is positioned within the

headlamp.

19.  The apparatus of claim 18, wherein the headlamp includes a primary

illumination group and a plurality of side illumination groups.

20. The apparatus of claim 14, wherein the processor is programmed to
determine the motion sensor offset, the processor programmed to:

sample roll rate data at a predetermined rate, the roll rate data provided by the
motion sensor coupled to the banking vehicle;

compare a roll rate average value to a predefined minimum drift and a predefined
maximum drift, and when the roll rate average value is between the predefined
minimum drift and the predefined maximum drift, divide the roll rate average by a
counter value to produce a new roll rate average, and adding the new roll rate average
to a predetermined value for an offset and then dividing the sum by two; and

when the roll rate average value is not between the predefined minimum drift and
the predefined maximum drift, determine a roll rate average by adding prior roll rate

data and then dividing by a counter value, and then increment the counter value.

21.  The apparatus of claim 20, further including averaging the new roll rate

average with a prior roll rate average.
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22. A vehicle headlamp for providing a horizontal distribution of illumination for
a vehicle when the vehicle is banking, the headlamp comprising:

a headlamp housing;

an inertial measurement unit positioned within the housing, the inertial
measurement unit including a processor and at least one motion sensor operatively
coupled to the processor;

a primary illumination group and a plurality of side illumination groups positioned
with the headlamp housing, the primary illumination group and the plurality of side
illumination groups operatively coupled to a driver board, the driver board operatively
coupled to the processor,

the processor programmed to:

sample yaw rate data provided by the at least one motion sensor;

compare the yaw rate data to a predefined minimum yaw rate and a predefined
maximum yaw rate, and when the yaw rate data is between the predefined minimum
yaw rate and the predefined maximum yaw rate, set a bank angle value to zero; and

when the yaw rate data is not between the predefined minimum yaw rate and the
predefined maximum yaw rate, calculate a bank angle value and cause at least one of
the plurality of side illumination groups to illuminate to provide the horizontal distribution

of illumination for the vehicle when the vehicle is banking.

23.  The vehicle headlamp of claim 22, wherein the bank angle value is
calculated using the equation:

bank anglenew = bank angleqq + roll rate data * K,

where K equals a scale factor calculated by a sample rate t, a bank angle

calculation period, and resolution of the at least one motion sensor.

24.  The vehicle headlamp of claim 22, further including, when the yaw rate
data is not between the predefined minimum yaw rate and the predefined maximum
yaw rate, determine a roll data sum, the roll data sum equal to a roll rate data value

minus the motion sensor offset value.
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25.  The vehicle headlamp of claim 22, wherein the inertial measurement unit
further includes memory operatively coupled to the processor to store yaw rate data and

roll rate data.

26.  An apparatus for calculating a angle value of a vehicle, the apparatus
comprising:

an inertial measurement unit, the inertial measurement unit including a processor
and at least one motion sensor operatively coupled to the processor;

the processor programmed to:

sample motion data at a predetermined rate, the motion data provided by the at
least one motion sensor,

compare the motion data to a predefined minimum motion rate and a predefined
maximum motion rate, and when the motion data is between the predefined minimum
motion rate and the predefined maximum motion rate, set a vehicle angle value to zero;
and

when the motion data is not between the predefined minimum motion rate and

the predefined maximum motion rate, calculate the vehicle angle value.
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